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AFFIDAVIT OF JIANGLEI MA 
Relating to U.S. Patent Application 10/038,883 Filed 
January 8, 2002 



I, JIANGLEI MA of the City of Ottawa, of the Province of Ontario, in the Country of 
Canada, MAKE OATH AND SAY AS FOLLOWS: 



1 . I am a named inventor for the Patent Application 10/038,883 filed 
January 8, 2002, entitled SCATTERED PILOT PATTERN AND 
CHANNEL ESTIMATION METHOD FOR MIMO-OFDM SYSTEMS 
(hereinafter "The Application") and as such have knowledge of the 
facts contained herein. 

2. Simulations were performed at least as early as May 17, 2001 . 
Attached as Exhibit "A" are two screen shots that show the date of mat 
lab code of a channel estimation function based on the claimed pilot 
design and mat lab code perse. Referring to the mat lab code, the 
opening comment refers to STTD blocks. An STTD block is a space- 
time time-division transmission scheme which implies multiple 
antennas. In the code, the first loop is the interpolation in the time 
direction. The next loop is a filtering function. Finally the third loop is a 
interpolation in the frequency direction. These equations correspond to 
a pilot pattern that has the diamond shaped pattern that is the subject 
of this application. 

3. Also attached as Exhibit "B" are excerpts from my notebook showing a 
drawing of the pilot pattern with a date of March 27, 2001 . On page 76 
of these notes, the drawing shows a header in the first row at the top of 
the drawing. This serves to show that the time direction is in the 
vertical direction and the frequency direction is in the horizontal 
direction of that figure. What follows is a diamond shaped lattice 
showing the position of the pilots. This pilot pattern was for a two 
antenna implementation. 

4. The invention disclosed and claimed in The Application was conceived 
and competed in Canada as part of my duties for my employer. A 
submission describing my invention was received by the patent 
department of Nortel Networks Corporation (my employer) on 

July 4, 2001 and is attached hereto as Exhibit "C". 




5. The Invention was reviewed internally at Nortel with a disposition 
reached on August 1 , 2001 . Please see attached Exhibit "F". 

6. The provisional application was outsourced to Smart & Biggar on 
August 28, 2001 . Please see attached letter at Exhibit "D". 

7. A first draft of the provisional was sent to my manager, Wen Tong, on 
October 15, 2001 . Please see attached Exhibit "E". 

8. The provisional application was then filed on October 17, 2001 . 

9. On December 17, 2001 , 1 met with Allan Brett, a patent agent retained 
by my employer to prepare and file a regular patent application with 
the U.S.P.T.O. for my invention. 

10. A first draft was received from Mr. Brett on December 20, 2001 . A 
copy of the cover letter is attached at Exhibit "G". We met again on 
January 3, 2002. Formal documents were executed on January 7, 
2002. 

1 1 . The regular application was filed on January 8. 2002. 

12. The invention is the result of research and development that was 
completed in Canada. 



SWORN BEFORE ME at the City of 



Ottawa, Ontario, Canada 




A CommissiDner, etc. 
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% 

% 

% Function to do the channel estimation based on PH and TPS 

% File name: ChannelEstFun.m 

% 

% Author: Jianglei Ma 

% Version: Version 0.01 May. 14, 2001 

% h_in: channel matrix ( 2 *NoSymPerSlot+2 ) xNoPilotF, [In] 

% the first and second rows come from the last two rows in the 

previous channel matrix 

% channelout: channel matrix (2*NoSymPerSlot) XNoPilotF, [Out] 

% the first row is for the last STTD block in the previous two slots, 

and the other three 

% are for the first three STTD blocks in the cureent 2 slots 

% Copyright 2001, Nortel Networks Ltd. 

% 

% 

%f unction channelout = ChannelEstFun (h_in, D_t, D_f, NoPilotF, 
NoSymPerSlot , NoCarrier) 



for ii = 2 : 4: 2*NoSymPerSlot 

% Interpolator in the time direction 

pilot_interp_t {ii/2, 1:2 :2*NoPilotF) = {h_in ( ii /2 , : ) + h_in(ii/2+ 

2, :))/2; 

[ pilot_interp_t (ii/2,2:2:2*NoPilotF) = h_in ( ii/2+1 , : ) ; 

pilot_interp_t (ii/2+1, 1:2 :2*NoPilotF) = h_in(ii/2+2, : ) ; 
pilot_interp_t (ii/2+1,2 :2 :2*NoPilotF) - (h_in ( ii/2+1 , : ) +h_in(ii/2+ 

3, :) )/2; 

end 

pilot_interp_t_sm (1,1) =pilot_interp_t (1,1) ; 

pilot_interp_t_sm( 1 , 2*NoPilotF) =pilot_interp_t (1, 2*NoSymPerSlot) ; 

for jj = 2: 2*NoPilotF-l 
if (jj == 2) 

pilot_interp_t_sm(l, j j ) = (pilot_interp_t (1, j j -1) +pilot_interp_t 
(1. j j)+pilot_interp_t(l, jj+1) ) /3; 
else 

pilot_interp_t_sm{l, j j ) = pilot_interp_t_sm(l , j j-1) + 
(pilot_interp_t (1, j j+1) - . . . 

pilot_interp_t (1, jj-2) ) /3; 

end 

end 



% Interpolator in the frequency direction 

for ii = 1: NoSymPerSlot 

Channel_interp_f (ii, : ) = cubic„interp(D_f /2 , pilot_interp_t (ii, : ) , 2 
*NoPilotF) ; 
end 

Channel_interp_f_sm{l, : ) = cubic_interp (D_f /2 , pilot_interp_t_sm(l, : ) , 2 
*NoPilotF) ; 

channelout = Channel_interp_f ; 
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'BrieftDes&i^tidn of the Inventibn: 









The wireless channel corrupts the transmit signal both in an^litude and in phase. In mobility application, the channel varies 
constantly due to the movement of the mobile terminal, therefore leads to significant performance loss. To perform optimal 
coherent detection at the mobile terminal the time varying channel characteristics should be estimated arid tracked. For OFDM 
systems, pilot assisted channel estimation is a widely used approach where the known training symbols are multiplexed into 
the data stream at certain sub*channels (sub-carriers) and at certain time locations. The receiver interpolates the channel 
information derived from the pilot symbols and obtains the channel estimates for the data symbols. 
The scattered pilot arrangement is important to keep the pilot overhead at the minimum while allowing the receiver to 
reconstruct the entire channel response as accurate as possible. For the typical wireless channels with both frequency and time 
dispersion, scattered pilots are inserted in the grid of both frequency and time direction. The grid density of the pilot symbols 
must satisfy the 2-D sampling theorem in order to construct a time and frequency varying channel response. The spacing 
between pilots in time domain is determined by the maximum Doppler frequency, while the spacing between pilots in the 
frequency domain is determined by the delay spread of the multi-path fading. 

In MIMO OFDM system space-time coding technology is applied. Multiple channel information is required for the coherent 
space-time coding demodulation. This invention proposes a new scattered pilot pattern for MIMO OFDM system, which can 
be used to provide multiply channel information with limited grid density. ■ 

MIMO-OFDM is employed to combat time and frequency dispersive channel suffering from multi-path propagation and 
Doppler spread. Reliable channel estimations are essential for performing coherent detection. Due to the multi-path fading and 
Doppler effect, scattered pilots are optimized to allow the accurate reconstruction of the current channel response with the 
least pilot overhead. The pilot pattern is in^ortant to channel estimation performance and overhead reduction. 

Most work on the pilot grid pattern design is for the system with no transmitter diversity. The proposed scattered pilot pattern 
is designed for MIMO-OFDM system. In MIMO-OFDM system, multiple transmitters and receivers are used. For M-transmit 
and N-receive MIMO channel, MxN channel responses are required for space-time code demodulation in the receiver. This 
invention presents a novel scattered pilot pattern design for generic MIMO-OFDM systems. 

' In this invention, we first apply space-time coding technology to OFDM scattered pilot design, ^diich can provide following 
features: 

•Allow estimation of MxN channels with the same scattered pilot pattern 

•Robust to both frequency and temporal &ding with minimum overhead 

•Cyclic rotation in time or in frequency of the scattered pilot pattern for BTS reuse 

Fast transform computing of scattered pilot without full size of FFT to save mobile battery. 

'Power boost of scattered pilot to inp'ove the performance 

Most existing pilot pattern is designed only for Single Input Single Output (SISO) system and for Single Input Multiple 
Output (SIMO) systems. There are four types of the time-frequency distribution of the pilots: Type-A is a periodical insertion 
of the pilot OFDM symbols, in which all the sub-carriers are used as pilot sub-carriers. This scheme is only suitable to very 
slow time varying channels and fast frequency fading chaimels. Type-B is a cyclic insertion of the pilot sub-carrier symbol- 
by-symbol. This pattern is design for the slow fading chaimel both in time and in frequency. Type-C is a comb structure where 
the pilot arrangement is not changed with time. This pattern is a good choice for channels with very high Doppler but the 
required pilot density is high for frequency selective fsding channel. Type-D is scattered pilots. This scheme provides more 
robustness to deal with multi-path fading mobile channels;However the existing scattered pilot pattern is only suitable to the 
system without transmit diversity. 

Spedfifcjelemehtfcorjstetf^ ... 



Nortel Networks Confidential & Privileged information 



For a M:N MIMO-OFDM channel, in order to achieve M*N individual channel response estimation, a straightforward pilot 
design is to introduce M*N set of pilots based on the SISO arrangement, hence to increase the pilot overhead by M*N times. 
In this invention, space-time-block-coding (STBC) is applied to the scattered pilots in the frequency domain without 
additional overhead. Therefore the pilots should allocate at the same sub-carriers (STBC block) for the OFDM symbol 
transmitted from all antennas. For adjacent STBC blocks the locations of the pilot sub-carriers are shifted by half of the pilot 
spacing in the frequency domain. 

In a companion MIMOOFDM design arrangement, the scattered pilots are pifferential-STBC (D-STBC) encodect the 

scattered pilots are used as a fast common signaling channel (known as TPS channel;. Given a successtuliaecoding of the 

TPS, the channel response at the location of scatter pilots can be computed. Based on these MxN sets of scattered channel 

response, a 2-D channel reconstruction algorithm can be applied to obtain the entire 2xN channel estimations. 

The key design criterion is based on the following technologies associated with the scattered pilot pattern: 

•Lattice shape grid scattered pilots allow maximum span in time dispersion and frequency dispersion. Enable a simple 2-D 

channel reconstruction algorithm 

•Pair-wise scattered pilots allow the D-STBC encoding to guarantee the adjacent D-STBC encoded the symbols at the same 

frequency response. 

■The size and location of scattered pilot allow a special fast scattered-pilot transform algorithm to avoid iiill size FFT 
computing. Therefore allow mobile to save battery. 

•The power boost of scattered pilot to enhance the channel estimation performance and such a power boost pattern can be 
cyclically rotated for adjacent BTS reuse. 

CqillrtiereUtf^y^^ Nortei*s major comprtitors;, ! ' • . • ■ . j 

If adopted in standard, this disclosure will be the essential IPR for Nortel. Nortel and its competitors will inclement this 

scheme. 
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NORTEL NETWORKS CONFIDENTIAL & 
PRIVILEGED COMMUNICATION 




BY COURIER 

August 28, 2001 . ,/ lo ' 

^ 0*^^ .3*^ ■ 

Mr. James McGraw 
Small & Biggar 
900-55 Metcalfe Street 
Ottawa. Ontario 
K1P5Y6 

Re: Invention Disclosure No.: 14761ROUS01U 

Title: SCATTERED PILOT PATTERN FOR MIMO-OFDM SYSTEM 
inventors: Ming JIA et al. 
Tel. Num. First Named Inventor: (613) 765-7131 
Nortel Networks Servicing Agent: Jaspreet K. Harit 
Required Filing Date: October 17, 2001 
Contact inventor: Immediately 

Special Instructions: We recommend that Allan Brett draft this application. Please 
see Invention Disclosure Disposition for additional comments. Disclosures 
14760RO and 14769RO are to be combined also into this application. Copies are 
enclosed. ^ 

Dear Mr. McGraw: i^;.^.^.^ Jr^ ^ 

Please find enclosed a new invention disclosure for which I would like you to prepare and file In 
the United States Patent and Trademark Office (USPTO) a patent application by the above- 
referenced filing date in accordance with Nortel Networks' guidelines. 

Please ensure that when you meet with the inventors, they are advised of their responsibilities 
regarding their duty of candor to the USPTO, as well as any other relevant rules and/or laws 
including the best mode requirement. 

Please send a substantially complete draft application to the Nortel Networks Servicing Agent, 
Jaspreet Harit, and the above-referenced inventors by September 20, 2001. If you foresee any 
problems with meeting this date or have any problems obtaining information from the inventor(s), 
please let me know as soon as possible. 

Should you have any questions, please contact me directly. 

Very truly yours, 

Amie Kosabek 

End.: Copy of Invention Disclosure No. 14761 ROUS01 U 

Copies of Invention Disclosures Nos. 14760RO and 14769RO 
Letter regarding publication 
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S. MarkBudd 
smbudd@smart-biggar.ca 

Ottawa file no. 71493-1019 



October 15, 2001 

WenTong BY FACSIMILE 

Nortel Networks Limited 

LP. Law Group 

P.O. Box 3511, Station C 

Ottawa, Ontario 

K1Y4H7 

Dear Mr. Tong: 

Re: U.S. Patent Application 

Applicant: NORTEL NETWORKS LIMITED 

Inventor: Jianglei Ma, et al 

YourRef: 14761ROUS01U 

Title: SCATTERED PILOT PATTERN AND 

CHANNEL ESTIMATION METHOD 

FOR MMO-OFDM SYSTEMS 



Please find attached a draft of the patent application for the method of mserting pilot 
symbols and for the method of estimating channels, prepared by myself under the 
supervision of Allan Brett. Please read the draft and correct any areas that are inaccurate. 
If there is important wording that you do not agree with please suggest changes. Please 
satisfy yourself that the draft discloses the invention sufficiently that a person skilled in 
the art of OFDM communications would be able to implement your invention from 
information disclosed in the draft. Please also satisfy yourself that the draft discloses all 
relevant information regarding what you consider to be the preferred method of 
implementing the invention. 

However, as this is a provisional application, we will not require a detailed review of the 
draft. Our main concern is the scope of the claims. We have drafted claims 1 and 7 
which we think define broadly the monopoly to which we think you are entitled. This 
claims are deliberately broad, as this is a provisional application. The claims will be 
revised upon formalization of the application, and more detailed dependent claims will 
likely be added. Please consider these claims and let us know: 
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October IS, 2001 



a) whether they contain all the essential features of the invention, and 

b) whether they contain any features which are not essential to the invention. 

We have a particular concern with two aspects of the claims, as I indicated in my e-mail 
of today. First, I have described the pilot pattems as a diamond lattice, using two subsets 
of the sub-carrier frequencies. Could you please let me know whether this is an essential 
feature of the invention? For example, could more than two subsets of sub-carrier 
frequencies by used, resulting in a skewed diamond lattice? Second, I have described the 
diamond lattice pattern of each transmitting antenna as being successively one symbol 
apart in the time domain. Could you please let me know whether and why this is 
necessary, and if it is not necessary, whether and why it is a preferable embodiment? 

Due to the imminent disclosure of the invention, please provide us with your comments 
on the draft by fax or by e-mail not later than the evening of October 16. 2001 . If you 
have any questions or concerns about the draft please feel free to call me at 232-2486 
(ext. 327) or Allan Brett at 232-2486 (ext. 323). Thank you for your help. We look 
forward to receiving your response. 

Yoiu^ very truly, 
SMART &BIGGAR 



S.MarkBudd 



SMB:aba 
End. 
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Line of Business: WI 


Disclosure Title: Scattered Pilot Pattern for MIMO-OFDM 
System 


Product Group, VP & IP Prime: 
Wireless Internet Technology 
Al Javed/Claude Royer/Peiying Zhu 


Inventors: MA, Jianglei; JIA, Mmg; ZHU, Peiymg; lUNU, Wen 


Kevieweo t>y, viuawa wi jraieni Kcview Doara 
1 August 2001 


Product/Project: Digital Comm. & Signal Processing 
Project No. 17538 


Standards Related: QNo KlYes 
3GPPUMTS 


Marketing Prime: 


Nortel Inventors only 
n Nortel and Contractor Inventors 



REVIEW SUMMARY 



GIST OF THE INVENTION 

Summarize within a few lines what the major thrust of the invention is (e,g,, a software program to be added to voice 
networks, such as Meridian, which will allow instantaneous translations firom French to English). 

-Scattered pilot pattern for MIMO-OFDM system, where arrangement of pilots allows for multiple antennae. So 
different pilot info, but at same time and frequency. 

BENEFIT FROM THE INVENTION 
Summarize within a few lines how the invention will benefit its target benef actor Y^.^., subscribers able to retrieve 
multi-lingual messages without use of additional time consuming translation processes), 

-Scattered pilot pattern is receiver independent. 
(Further advantages in IDS). 





Ranking/Scoring Data 






a. Technological Thrust: 3_ 


(0-3) 


For 3 cases combined, 
Namely 14761RO, 
14760RO, and 14769RO. 


b. Inventive Value: 2^ 

c. Commercial Value: _3_ 


(0-3) 

(0-3) - If accepted in standards. 




OVERALL SCORE: _8. 





I FINAL DISPOSITION 

^ FUe Patent Application for 14761RO, 14760RO and 14769RO combined. 

Target Filing Date: OCTOBER 17. 2001 □ Reconsider/Table (see comments below) 

Other (e.g., publish, Tech. Licensing, etc.) 



Comments: 

Critical Filing Date (If Applicable): OCTOBER 18-19, 2001 - Planned disclosure at 3GPP Future Evolution 
Workshop 

Foreign Filing: □ No - File No Further Filing Certification 

(Initial Determination) ^Yes To be reassessed closer to 1 year further filing deadline. 

(circle)Tier 1 Tier 2: 

(GB. DE, PR. CA,_) (Please specify 

Estimated Cost: $7,000 Estimated Cost: $17,000 

Completed by: J.K. Harit.^^ Dated: August 1, 2001 

Approved by: Dated: 

(Revised March 16, 2001} 



Allan Brett 

abrett@sinart-biggar.ca 
Ottawa file no. 71493-1043 



December 20, 2001 

Ms. Jianglei Ma VIA COURIER 

Nortel Networks Limited 
100 Constellation Crescent 
Nepean,ON K2G6J8 

Dear Ms. Ma: 

Re: Proposed U.S. Patent Application 
Applicant: JIANGLEI MA, ET AL 

Inventor: Jianglei Ma, et al 

Title: PHYSICAL LAYER PACKET STRUCTURE AND FRAME 
HEADER DESIGN FOR MIMO-OFDM SYSTEM 

YourRef: 14761ROUS02U 

Please find enclosed a first draft patent application for another of the OFDM cases. Like 
the first case you have already reviewed, tiie two inventions in this case are somewhat 
disjoint, but so long as they are claimed and described clearly this is okay. 

Please review the entire draft in detail and feel firee to mark up the copy provided. 

As discussed, I need to receive comments firom you on this early in the first week of 
January so that I may file the case by Friday, January 4, 2002 at the latest. 

Please pay particular attention to the claims to ensure that I have claimed all of the 
aspects which you beUeve to be inventive. 



I look forward to receiving your comments. 



Ottawa file no. 71493-1043 

I look forward to receiving your comments. 



2- 



December20, 2001 



RABn-ld 
End. . 

c.c. Jaspreet Harit 
(with enclosures) 



Yoxirs very truly, 
SMART &BIGGAR 

Allan Brett 
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